Murine monoclonal antibodies (MAbs) were produced against a nematode non-transmissible isolate of tobacco rattle tobravirus (TRV-PLB). Two of the MAbs (SCR 80 and 81) did not react with the serologically closely related isolate TRV-PPK20 (both isolates belong to the PRN serotype), which is readily transmissible by nematodes. When further isolates of the PRN serotype were tested, all the non-transmissible ones reacted with these two MAbs, but so also did some of those that are readily transmissible. SCR 80 and 81 were able to trap TRV-PLB particles onto electron microscope grids and reacted with metatopes located near the C terminus of the particle protein. The epitope recognized by SCR 81 was discontinuous. The MAbs that reacted with both TRV-PLB and TRV-PPK20 recognized either continuous cryptotopes (SCR 78) or discontinuous neotopes (SCR 79 and 82) .
Tobraviruses are plant viruses with rod-shaped particles of two modal lengths and are transmitted in nature by trichodorid nematodes (Harrison & Robinson, 1986) . Tobacco rattle virus (TRV) is the type member of the group but distinct serotypes of TRV can be recognized on the basis of reactions with polyclonal antisera. This division into serotypes has recently been correlated to specific transmissibility by different nematode species (Ploeg et al., 1992a, b) . However, vector transmissible and non-transmissible isolates of the same serotype are not distinguished in tests with polyclonal antisera (Ploeg et al., 1992a) . Because of their specificity for single epitopes, monoclonal antibodies (MAbs) against TRV particles may differentiate between isolates that react similarly with polyclonal sera.
Female BALB/c mice were immunized twice intraperitoneally with 100 lag of purified particles of TRV strain PLB in PBS, emulsified with an equal volume of Freund's complete adjuvant on day 1 and with incomplete adjuvant on day 15. Intravenous injections of 100 lag of purified particles were given on three successive days immediately preceding each of the two fusion experiments (days 115 and 124). Spleen cells were fused with murine myeloma cells using PEG and the products distributed into the wells of five microtitre plates (Torrance, 1992 Farmer, 1989) , and the cells in the positive wells were subjected to two cycles of cloning by limiting dilution. Five hybridoma cell lines were selected. Of the MAbs that they secreted, one, SCR 78, was of isotype IgG2a and reacted with TRV-PLB only in the PTA format of ELISA, two, SCR 79 and 82, were of isotype IgG2a and reacted with PLB only in the ATA format and the other two, SCR 80 and 81, were of isotype IgG3 and reacted with PLB in both the PTA and ATA formats.
The reactions of the MAbs in ATA-ELISA were tested against three PRN serotype isolates: PRN (the type isolate of the serotype) and PLB, which are not nematode transmissible, and PPK20, which is nematode transmissible. SCR 79 gave a similar reaction with all three isolates. SCR 80 and 81 reacted positively with the two non-transmissible isolates PLB and PRN, but not with the vector-transmissible isolate PPK20. SCR 82 reacted equally strongly with the two non-transmissible isolates and gave a weaker reaction with PPK20. SCR 78 did not react in ATA-ELISA.
SCR 80 and 81 efficiently trapped particles of the homologous isolate PLB onto electron microscope grids, while the reactions with the three other MAbs were indistinguishable from the negative controls. This suggests that the epitopes detected by SCR 80 and 81 are located on the outer surface of the particle.
Of the three MAbs that were reactive in the PTA-ELISA format, SCR 80 and 81 were, as in ATA-ELISA, highly specific for the non-transmissible isolates PLB and PRN. SCR 78 reacted, in addition to the three PRN 0001-2887 © 1995 SGM serotype isolates, with TRV-SYM, a representative of a distinct serotype, but not with isolates from several other tobravirus serotypes. The ability of SCR 80 and 81 to discriminate PPK20 (vector-transmissible) from PLB and PRN (non-vector transmissible) prompted the testing of these and other transmissible (PPB1, PPM1, PPS1 and PPW1) and non-transmissible (90-1) isolates (Ploeg et al., 1992a) belonging to the PRN serotype in Western blots. Although the other non-transmissible isolate (90-1) behaved like PLB and PRN, some of the readily transmissible ones (PPM 1, PPW1 and PPS1) also reacted with all three MAbs. Thus, the epitopes recognized by these two MAbs are not specific to the non-transmissible isolates. Isolates PPK20 and PPB1, in addition to being unreactive with SCR 80 and 81, showed a somewhat faster electrophoretic mobility of their particle protein. MAb SCR 78 reacted with several minor polypeptide species smaller than the full-length particle protein, presumably degradation products. In contrast, MAbs SCR 80 and 81 did not react with these polypeptides, suggesting that the corresponding epitopes are located on a part of the particle protein that is readily lost on degradation, perhaps at one end of the linear sequence, whereas the epitope corresponding to SCR 78 may be located further from the ends.
For Pepscan analysis (Geysen et al., 1984) , the complete set of 202 overlapping octapeptides representing the TRV-PLB particle protein amino acid sequence (Angenent et al., 1989) was synthesized on polyethylene rods, and their reactions with the MAbs assayed by a version of ELISA, as described by Pereira et al. (1994) . Fig. 1 shows the results. SCR 78 reacted strongly to octapeptides 46 and 47. The minimum reactive epitope, defined as the residues common to these two octapeptides (47RDEITGL53), is perfectly conserved among all the known particle protein sequences of PRN serotype isolates, but differs in other tobraviruses (Fig. 2a) . Thus, SCR 78 reacts with all isolates of the PRN serotype that have been tested and also with isolate SYM, whose particle protein sequence has not been determined but which is probably similar or identical to that of the PRN serotype in this region.
SCR amino acid sequence. PRN is identical to PLB in this octapeptide region. The corresponding PPK20 sequence, which is not recognized, contains two amino acid differences (Fig. 2b) . Moreover, the reactive peptide contains the sequence 199PASGG203, which is repeated in the PLB sequence at residues 188-192, but octapeptides containing this repeat are not reactive. This indicates a narrow specificity of the antibody for the sequence 198 to 205, since a change in two or three amino acids completely abolishes the reaction. The reaction ofMAb SCR 81 was less intense (positive range Aa0 a = 0"033-0-076 at 30min of substrate hydrolysis) than those of SCR 78 and 80 (A~05 = 0.45-1.2) and involved octapeptides 191 to 194 and 199 to 201. The common residues in each of these groups of peptides (194GATPP198 and 201SGGAVR206) define two minimal epitopes near the C terminus of the particle protein, although the C-terminal octapeptide itself (202GGAV-RPNP209) was not reactive. This result was consistent over three replications of the experiment and moreover one of the peptides between the two peaks (number 198) reacted strongly with SCR 80, which seems to eliminate the possibility that the double peak was an artefact of the assay procedure or of faulty peptide synthesis. An explanation of the double peak as being due to crossreactivity between the two minimal epitopes seems implausible, because there is no sequence homology between them, although we cannot exclude the possibility that they may have a similar conformation. It is also noteworthy that these two minimal epitopes include many amino acid differences with the PPK20 particle protein (5 out of 11 amino acids, as compared to 29 out of 209 in the whole sequence), which explains why this MAb is not reactive with PPK20.
MAb SCR 79 yielded some extremely weak reactions (A40 ~ =0.12-0.22 after 4h of substrate hydrolysis, compared with A~05 = 0.32-0-76 of SCR 81) with the same peptides as SCR 81, and SCR 82 showed no hint of a positive reaction,
The reactions of the MAbs in all the serological tests are summarized in Table 1 , together with some deductions about the epitopes they recognize. When the intensity of , in addition to being continuous, is not exposed on the intact particle [as deduced from its lack of reactivity in immunosorbent electron microscopy (ISEM) and the non-denaturing ATA format], which fulfils the definition of a cryptotope (van Regenmortel, 1966) . In contrast, SCR 79 and 82 react weakly or not at all in Pepscan, PTA-ELISA or Western blot, and probably recognize discontinuous epitopes that do not withstand particle dissociation (neotopes). They did not trap particles in ISEM, perhaps because they were denatured on binding to electron microscope grids. SCR 81 works in both PTA-ELISA and ATA-ELISA, in ISEM and in Western blot, and its epitope is therefore present on intact particles and denatured protein and fulfils the definition of a metatope (van Regenmortel, 1996) . However, its reaction intensity in Pepscan is lower than those of SCR 78 and 80, although still clearly positive, unlike those of SCR 79 and 82. This points towards a partial dependence on retention of the native conformation of the protein for binding. The discontinuity of this epitope is suggested by the bimodal pattern of SCR 81 reactivity in Pepscan, which might well represent the two halves of a conformation-sensitive epitope. A similar bimodal pattern of reactivity in Pepscan was observed with a MAb against potato moptop virus, SCR 77 (Pereira et al., 1994) , in a region of the protein whose secondary structure was predicted to include/?-turns. Perhaps significantly, secondary structure prediction methods also indicate the presence of turns in the C-terminal region of the PLB particle protein (L. Sawyer, P. Tollin & D.J. Robinson, unpublished results).
Isolates PPK20 and PPB1 are discriminated from other representatives of the PRN serotype by MAbs SCR 80 and 81, suggesting that these two isolates represent a distinct serological subgroup within the PRN serotype. This subdivision does not reflect any recognizable difference in biological properties, but it is noteworthy that the particle proteins of PPK20 and PPB1 had greater electrophoretic mobilities than those of other PRN serotype isolates tested, and that the PPK20 protein has a five amino acid deletion in the Cterminal region relative to the PLB and PRN proteins (A. Mathis & J. F. Bol, personal communication). Indeed, most of the amino acid differences between PPK20 and PLB are in the C-terminal region, with which MAbs SCR 80 and 81 react. Since these two MAbs are reactive in ATA-ELISA and can trap particles in ISEM, it can be deduced that the C-terminal portion of the protein is located on the surface of the intact particle and possibly is exposed all along its length. In contrast to the results of Dore et al. (1988) with TMV that epitopes located along the sides of particles are neotopes, neither of these two MAbs recognizes a neotope. Unfortunately, neither SCR80 or 81 was able to coat virus particles on electron microscope grids in tests using unlabelled or goldlabelled antibody. This precluded direct comparisons with TMV. The epitope recognized by SCR 80 is equivalent to the one(s) recognized on TMV particles by MAbs that react in all ELISA formats and are inhibited by the C-terminal tryptic peptide (Altschuh et al., 1985) .
